Soil and surface water contamination by organic compounds is a common occurrence in most developing countries. This caused harmful effects on the environment and human beings. Bioremediation can be an alternative green technology for remediation of such hydrocarbon-contaminated soil. Bioremediation of soil contaminated with 5% and 10% (w/w) diesel fuel amended with 10% soy cake (SC), potato skin (PS) and tea leaf (TL) was studied for a period of 84 days, under laboratory condition. At the end of 84 days, the highest percentage of oil biodegradation (88%) was recorded in soil contaminated with 5% diesel fuel and amended with SC, while only 75% of oil biodegradation was recorded in soil contaminated with 10% diesel fuel and amended with SC. Bioavailability which was assessed by the hydroxypropyl cyclodextrin (HPCD) extraction method showed that bioavailability reduced in soil amended with organic wastes. Results of first order kinetic model to determine the rate of biodegradation of diesel fuel revealed that soil amended with SC recorded the highest kinetic rate of oil biodegradation 0.148 day -1 and 0.103 day -1 in 5% and 10% oil pollution. The results of this study demonstrated the potential of SC as a good substrate to enhance remediation of hydrocarbon contaminated soil at low pollution concentration.
INTRODUCTION
The Polycyclic aromatic hydrocarbons (PAHs) are toxic and hazardous chemicals regulated by the U.S. Environmental Protection Agency as priority pollutants. It is estimated that between 1.7 and 8.8 million metric tons of oil are released into the world's water and soil every year 1 .There is renewed interest in understanding the fate of these compounds in environmental systems and determining the mechanism of remediation. Various studies have investigated specific organisms capable of degrading PAH compounds. Biological assays are often time consuming, costly and lack the precision required for regulatory purposes 2 .
Therefore, the combined action of biostimulation through compost addition and bioaugmentation provided a good result for removal of total petroleum hydrocarbon (TPH) from diesel-contaminated soil 3 . One of the most important factors influencing both the bioavailability and biodegradation of organic contaminants is soil organic matter. Organic compound degradation is usually lower in soils with high organic matter content due to higher adsorption and lower diffusion to the water phase. While in soils with low levels of organic matter, variations in biodegradation may be instead related to the amount of clay in the soils 4 . Bioavailability has been defined as the accessibility of a chemical for assimilation and possible toxicity 5 . Bioavailability of oil components in contaminated soils is an important regulating factor for biodegradation rates. Bioavailability becomes more limiting as the oil concentration reduced, because the absolute amount of available hydrocarbons decreased. Assessment of the bioavailability of contaminants in soil is essential to understanding the risk posed by the contaminant and the means required for successful remediation. Therefore, the aim of our study was to assess the effects of amending soil (organic wastes) with two different concentration of diesel fuel on evaluated bioavailability and degradation of fuel under greenhouse condition. And Also, Kinetic model was used to determine the rate of biodegradation of the hydrocarbon in the soil.
EXPERIMENTAL DETAILS

Collection of Samples and analyses:
Organic wastes used in this study were collected from different locations; tea leaf (TL) and potato skin was collected from the IGS canteen, University of Malaya, while the soy cake (SC) was made in the laboratory. The soil used in this study, (silty loam), was obtained from the garden section of Asia-Europe Institute, University of Malaya, Kuala Lumpur. Diesel fuel was purchased from a petrol station in Petaling Jaya, Malaysia and its profile was analyzed using Gas Chromatography mass spectrometry (GC/MS). Physicochemical properties of soil and organic wastes were determined using standard methods. Triplicate determinations were made.
Sample preparation:
The range of oil used as a treatment was within 5-25%, as used by other researchers 6 1.5 kg soil of fresh soil was placed in plastic poly bags labeled A to E and polluted with 5% and 10% (w/w) diesel fuel (50,000 and 100,000 mg kg -1 ). After 2 days, 10% 7 .
Each of the dried organic wastes (TL, SC and PS) were added into each of the oil-polluted soil, labeled A, B and C, respectively. The soils were mixed daily to provide sufficient aeration. The soils were moistened by the addition of water every other day to adjust the water holding capacity to maintain at 60% throughout the experimental period. This was incubated at room temperature (30 ± 2 o C). Also, the control (vessel D) with only soil and diesel fuel and an additional control treatment (E) were autoclaved twice (within the same day at 121•C and 15 psi for 1 h) and then 0.5% (w/w) NaN3 was added, to determine the non-biological loss of diesel oil from the soil. All the treatments were set up in triplicates. The contaminated soils were sampled every two weeks for 84 days for determination of total petroleum hydrocarbon in soil.
Assessment of the bioavailable fraction:
The bioavailable fraction was assessed using a modified protocol of the hydroxypropyl cyclodextrin (HPCD) extraction method proposed by Reid et al. [8] , Samples of soil (1g) were weighed in polycarbonate centrifuge tubes and 20 ml of 50 mM hydroxypropyl-bcyclodextrin (HPCD) was added. The tubes were sealed placed on an orbital shaker at 120 rpm for 12 h, and then centrifuged at 5000g for 1 h. The differences between the total PAHs content and the residue (after extraction with HPCD) were determined as bioaccessible fraction.
Enumeration of Bacteria in soil:
0.1 ml of serially diluted soil samples were plated on nutrient agar medium (Oxide) for isolation of aerobic, heterotrophic bacteria with 50 μg/ml fungazol to suppress the growth of fungi. Plates were incubated at 30 o C for 24 h after which the colonies were counted.
Diesel fuel utilizing bacteria in the soil samples were enumerated using oil agar (OA) 9 ;( 1.8 g K2HPO4, 1.2 g KH2PO4, 4.0 g NH4Cl, 0.2 g MgSo4.7H2O, 0.1 g NaCl, 0.01 g FeSO4.7H2O, 20 g agar, 2 ml diesel fuel, 1000 ml distilled water). The oil agar plates were incubated for 5 days at 30 o C before counting the colonies.
Bacterial colonies were randomly picked and pure cultures were obtained by repeated sub-culturing on nutrient agar. The bacterial isolates were characterized based on culture parameters, microscopic techniques and biochemical tests using Biolog Micro station method 10 .
Measurement of diesel fuel in soil:
The extent of diesel fuel biodegradation in soil was determined by suspending 10 g of soil in 20 ml of n-hexane in a 250 ml capacity flask. After shaking for 1 hour on an orbital shaker (Model N-Biotek), the solvent-oil mixture was filtered using Whatman No.4 filter paper, into a beaker of known weight and the solvent was completely evaporated by rotary evaporation. The new weight of the beaker consisting of residual oil was recorded. Degradation of diesel fuel was calculated using the following formula 11 :
% biodegradation = [(TPH control-TPH treatment)/ TPH control] ×100, where TPH is total petroleum hydrocarbon.
Kinetics of diesel removal and Half-Life:
First-order kinetics model was used and is expressed by the following equation 12 :
Ct = Ci exp (-k t) Where Ct (mg/g), is the diesel fuel concentration in soil at instant t, Ci (mg/g) is the initial concentration of soil, k is the rate constants of the first order expressed in (day -1 ), and t (Padayachee and Lin)
is the time. The model estimated the biodegradation rate and halflife of hydrocarbons in soil relative to treatments applied. Half life = ln (2)/ k The data were analyzed for significant differences (p < 0.05) between treatments using one-way analyses of variance with SPSS 18.
RESULTS AND DISCUSSION
The physicochemical properties of the investigated soils and organic wastes used in bioremediation are presented in Table 1 . It is clear that the soil had low N (0.8%) and P (0.6%) content compared to organic wastes. The soil used for bioremediation had C: N ratio of 16.4. This is a low value for effective biodegradation of oil in the soil, hence needed addition of organic wastes as a source of nutrients is required. There was a rapid decrease in total petroleum hydrocarbon (TPH) in all the treatment soils amended with organic wastes, compared to unamended soil. The total extent of fuel degradation at 5% oil, in organic waste amended soil, ranged between 26% to 88 % ( Figure 1 ). This finding is similar to that of Abioye et al. reported that degradation of used lubricating oil using brewery spent grain was more than 90% within the same period. Adesodun and Mbagwu 13 , also showed 83% waste lubricating oil loss within three months period, using piggery waste. At the end of 84 days, soil amended with SC showed the highest decrease of 88% and 75% followed by soil amended with PS (81% and 64%), while TL amended soil recorded 75%, and 53% oil degradation in 5% and 10% concentration of diesel fuel, respectively ( Figure 2) . The results revealed that the total extent of oil biodegradation in amended soil was about 55% higher than that of unamended oil polluted soil, indicating that organic wastes used have enhanced biodegradation of diesel fuel in soil. The highest loss of TPH was recorded in SC-amended soil during the 84 days, followed by PS and TL, respectively. This may be due to the presence and bioavailability of appreciable nutrient elements like N (1.35%) and P (0.92%) in SC. Nitrogen is known as one of the limiting nutrient necessary for biodegradation of organic pollutants in soil 14 . It is also supported by the findings of Joo et al. 15 who observed that food waste compost addition to contaminated soil, leads to increase in the rate of removal of diesel fuel in soil. Active aerobic heterotrophic bacterial colonies (AHB) at 5% diesel polluted were recorded in SC treated soil, ranging from 31×10 7 to 132×10 7 CFU/g, while AHB counts in PS and TL ranged between 22×10 7 to 116×10 7 CFU/g and 15×10 7 to 101×10 7 CFU/g of soil, respectively. Unamended soil (control) gave a range of 5×10 7 to 42×10 7 CFU/g of soil. However, environmental conditions in diesel fuel contaminated soil affected the growth of these bacteria. It was reported that oil contaminated soil with compost or organic waste may promote growth of the indigenous degrader in it 7. The counts of diesel fuel -utilizing bacterial (DUB) in all the soil samples over this period ranged between 2×10 6 to 90×10 6 CFU/g of soil. These counts are comparable to those of Abioye 7 , who observed similar counts of hydrocarbon degraders. Generally, the main reason for higher counts of bacteria in SC amended soil caused is due to the presence of considerable quantities of N and P in SC which are necessary nutrients for bacterial biodegradative activities 16 . The percentage of bioavailable of PAH is shown in Fig.3 and 4 . After 3 months, bioavailability of the PAH in organic wastes amended soils at 5% diesel fuel was reduced by a level ranging from 33 % to 83%, compared to unamended soil which gave 55% to 71%. This is in good agreement with a previous study that showed the lowest bioavailability of PAHs was in the sewage sludge with the highest organic carbon content. In other words, the bioavailability of PAH would increase followed by decrease with the increase of the ratio of compost to soil. These findings suggest that there are complex physicochemical mechanisms and dynamics between PAH and soil organic matter. Guozhong et al. 17 found that excessive amendment of meat compost that increased the organic carbon content reduced the amount of bioavailable PAH because of sequestration. Some studies showed that the soil properties, i.e. organic matter content 18 matrix nanoporosity and hydrophobicity 19 , influenced a decrease/increase of the bioavailable sequestrated fraction. Decreasing bioavailability with an increasing soil-pollutant contact time has been shown for microorganisms, earthworms, and other organisms 19 . 
CONCLUSION
PAHs were rapidly lost from low concentration of diesel fuel (5%) with amended SC than other organic wastes. Amendment of soil contaminated with diesel oil with organic wastes positively enhanced the rate of biodegradation of diesel oil in soil within the period of 84 days. Results demonstrated that level of oil contamination influenced the rate of oil biodegradation in soil environment. Contaminated soil amended with SC recorded highest rate of oil biodegradation and counts of hydrocarbon utilizing bacteria were higher compared to soil amended with PS and TL in both 5% and 10% oil pollution. This significant reduction in diesel fuel possibly degradation was due to the availability of an alternative source of N and P. Also, Kinetic model showed that the rate of degradation of diesel oil in soil amended with SC was higher than all other treatments.
